Phenotypic and chemotypic studies using Arabidopsis and yeast reveal that GHB converts to SSA and induce toxicity.
γ-Hydroxybutyric acid (GHB) is a naturally occurring compound. It is detected in organisms such as yeasts, plants and mammals. GHB is produced from the reduction of succinic semialdehyde (SSA) by the activity of GHB dehydrogenase. Arabidopsis genome contains two GHB dehydrogenase encoding genes. The accumulation of GHB in ssadh mutants led to the speculation that GHB is the cause of aberrant phenotypes. Conversely, the accumulation of GHB in Arabidopsis plants subjected to abiotic stresses was described as a way of avoiding SSA induced damage. To resolve these contrasting views on GHB, we examined the effect of exogenous GHB and SSA on the growth of yeast and Arabidopsis plants. GHB concentrations up to 1.5 mM didn't affect shoots of Arabidopsis plants; however, root growth was inhibited. In contrast, 0.3 mM SSA has severely affected the growth of plants. Treatment of yeast wild-type strain with 10 mM SSA and 10 mM GHB didn't affect the growth. However, the growth of yeast uga2 mutant was greatly inhibited by the same concentration of SSA, but not GHB. Metabolic analysis and enzyme activity assay on native gel showed that Arabidopsis, but not yeast, possesses a GHB dehydrogenase activity that converts GHB back to SSA. The enzymatic assay has also indicated the existence of an additional GHB dehydrogenase encoding gene(s) in Arabidopsis genome. Taken together, we conclude that GHB is less toxic than SSA. Its accumulation in ssadh mutants and during abiotic stresses is a response to avoid the SSA induced damage.